Extracts of Novikoff hepatoma cells contain factors capable of stimulating in vitro DNA synthesis several fold. The activity can be resolved into three separate protein peaks on DEAE-Sephadex. Two Prokaryotic systems have provided ideal models for the study of DNA replication. In the past few years, it has become clear that replication is a complex process involving the participation of not only DNA polymerase but of several other accessory proteins as well. In Escherichia coli three distinct DNA polymerases have been identified (3-5). A modified form of DNA polymerase III, polymerase III*, appears to be the primary replicating enzyme (6, 7), although polymerases I or II may also be involved in the replication process (8). Polymerase III* requires a specific accessory protein, copolymerase III* (6), which probably participates in the initiation process (7). From genetic studies, the products of at least six loci are known to be essential for DNA replication (9). The products of the dnaB (10, 11), dnaC-D (12), dnaE (5, 13), dnaF (14), and dnaG (15) (19, 20) ; and (iii) the presence of stimulatory activity in sera and conditioned media from cultured cells (21).
If either factor is added after synthesis by the DNA polymerase has reached a plateau, resumption of synthesis occurs. The factors appear to have different modes of action or sites of action since they show an additive effect even when a single one is used at saturating conditions. These factors are present in normal rat liver but at a concentration less than 5% of that found in the tumor cells. When tested with several highly purified DNA polymerases (DNA nucleotidyltransferase, EC 2.7.7.7), the factors show a much greater stimulation of homologous, nonmitochondrial enzymes (rat liver nuclear-, rat liver cytoplasmic-, or Novikoff-DNA polymerases) when compared with rat liver or calf liver mitochondrial-, Escherichia coli I-, or sea urchin nuclear-DNA polymerases. The mechanism of action of these factors is not known at present. No enzymatic activity has been associated with factor III. Highly purified, but not homogeneous, preparations of factor II contain low levels of endonuclease; it has not been established whether endonuclease is a contaminant or is responsible for the stimulating activity.
Prokaryotic systems have provided ideal models for the study of DNA replication. In the past few years, it has become clear that replication is a complex process involving the participation of not only DNA polymerase but of several other accessory proteins as well. In Escherichia coli three distinct DNA polymerases have been identified (3) (4) (5) . A modified form of DNA polymerase III, polymerase III*, appears to be the primary replicating enzyme (6, 7) , although polymerases I or II may also be involved in the replication process (8) . Polymerase III* requires a specific accessory protein, copolymerase III* (6), which probably participates in the initiation process (7) . From genetic studies, the products of at least six loci are known to be essential for DNA replication (9) . The products of the dnaB (10, 11) , dnaC-D (12), dnaE (5, 13), dnaF (14) , and dnaG (15) loci have all been purified and their role in the replication process is under investigation. Recently two additional proteins have been identified which stimulate in vitro DNA synthesis (16 (17, 18) ; (ii) the stimulation of DNA synthesis by humoral factors in the blood of animals undergoing liver regeneration (19, 20) ; and (iii) the presence of stimulatory activity in sera and conditioned media from cultured cells (21) .
We have initiated a search for factors in mammalian cells which participate in DNA replication. As a first approach we have looked for proteins which specifically enhance the activity of DNA polymerase. This report identifies three such factors isolated from the Novikoff hepatoma which are active with the homologous, nonmitochondrial DNA polymerases.
MATERIALS AND METHODS
DNA Polymerases. DNA polymerase from isolated rat liver nuclei (22) was purified further on phosphocellulose and hydroxyapatite (23) . Cytoplasmic DNA polymerase was purified from the 100,000 X g supernatant of rat liver ho- DNA polymerase from E. coli (24) , sea urchin nuclei (25) , and rat liver mitochondria (26) were purified by published methods. Calf liver mitochondrial DNA polymerase was purified by modifying the procedure used for the rat liver enzyme (Meyer, unpublished data Novikoff hepatoma was maintained in Holtzman rats by intraperitoneal injection, and the ascites fluid harvested 6 days postinjection. The fluid was centrifuged for 10 min at 12,000 X g and the cell pellet resuspended in 0.01 M Tris -HCl at pH 7.0, 0.002 M MgCl2. After hemolysis of the erythrocytes, the tumor cells were collected by centrifugation, washed in Tris-Mg and either frozen at -20°or used immediately for preparation of DNA polymerase and factors.
RESULTS

Identification of Novikoff stimulatory proteins
Washed Novikoff cells were extracted for 2 hr at 00 by the addition of two volumes of 0.02 M Tris * HCl at pH 7.0, 0.005 M 2-mercaptoethanol, 0.0001 M EDTA, 0.2% Triton X-100, and 3.0 M NaCl. The extract was centrifuged for 2 hr at 70,000 X g and dialyzed exhaustively against TMEG-0.15 M NaCl (Fraction I). Fraction I was treated with (NH4)2SO4 and proteins precipitating at 45-75% and 75-85% saturation were recovered, dissolved, and dialyzed against TMEG-0.01 M NaCl. Most of the DNA polymerase activity was recovered in the 45-75% (NH4)2SO4 fraction and was purified to homogeneity (data to be published). The 75-85% (NH4)2-S04 fraction, while having only 2% of the total DNA polymerase activity, contained factors which stimulated purified rat liver nuclear-or cytoplasmic-or Novikoff-polymerase several-fold. When chromatographed over DEAE-Sephadex (Fig. 1) Fig. 2 ). Table 1 also shows that neither factor is providing primer/template for DNA synthesis nor does either contain endogenous DNA polymerase activity. When both factors are added together, there is a further increase in activity. In order to determine whether the two factors affect the same site or have similar modes of action, we determined the additive effect under saturating conditions. In Fig. 2 , factor III shows saturation at approximately 3 units while factor II has not leveled off. From other experi- obtained, but the total incorporation of nucleotides is far less than with native or activated DNA.
Effect of Novikoff factors on reaction kinetics
With rat liver cytoplasmic DNA polymerase, incorporation levels off by 1 hr (Fig. 3) . Addition of either or both factors results in continuation of incorporation for several hours. The kinetics are biphasic and show an initial rapid rate and then a slower linear rate of synthesis. Again, an additive effect is illustrated. Thus, in addition to enhancing the initial rate of synthesis, these factors allow prolonged continuation of synthesis. Interesting also is the effect of adding either factor to the reaction mixture after the polymerase activity has reached a plateau. Both factors are capable of causing a resumption of DNA synthesis. Whether this represents new initiations or continuation of old chains remains to be elucidated.
Effect of Novikoff factors on other DNA polymerases
The effect of the two Novikoff factors was tested with several highly purified DNA polymerases ( Table 2 ). The factors are capable of stimulating other polymerases but only to a limited extent. The data in 
